Materials and Methods
The material consisted of 104 soil samples collected from the surface layer and 10-15 cm below the surface at 26 recreational areas in Łódź in the districts of Polesie, Bałuty, Śródmieście, Widzew, and Górna: 2 beaches located in the areas of recreational facilities, unfenced and public; 2 residential playgrounds, public, with a low fence; 13 school fields, including one partially enclosed and one unfenced; 8 public playgrounds located in parks, including two unfenced; and one lane park, adjacent to a fenced playground. At the same time, sand from sandpits located in parks, playgrounds, residential areas, and schools in Lodz was analyzed [10] .
Soil samples were collected in two research seasons: spring and autumn. Soil samples weighing 0.5 g were diluted in 10 ml of sterile distilled water, shaken, and then 0.5 ml was inoculated on Sabouraud medium and incubated at 23ºC for 7 to 14 days. Colonies of mould fungi were passaged on Czapek-Dox and PDA (potato-glucose agar) media to obtain axenic strains of morphology typical for the species. From the obtained colonies, microscope preparations in lactophenol were prepared according to Gerlach [11] . In order to isolate the common dermatophytes from the collected soil, hair bait tests were prepared using sterile hair from children, and these were evaluated after 4-8 weeks of incubation at 23ºC. Positive cultures were passaged onto Mycoline medium. Fungi were identified to species or genus on the basis of macro-and microscopic characteristics using the DeHoog et al. [12] and Fassatiova [13] keys. Taxonomy was determined on the basis of a list of species according to Index Fungorum. The biosafety assessment of the fungi was based on the International Classification of BSL [3] .
Statistical analysis of the data was performed using Student's t test with a significance level of p<0.05 with STATISTICA 10 software.
Results
From the collected soil samples, 83 species of fungi were isolated belonging to 53 genera. The most numerous were those of the genera Penicillium, Fusarium, and Cladosporium (Table 1) .
Most frequently isolated was Fusarium oxysporum (8.06%), occurring also in the largest number of localities, followed by Cladosporium herbarum (6.05%) and Penicillium chrysogenum (5.54%). Haematonectria haematococca = Fusarium solani constituted 4.53% of the total number of identified species, Sarocladium kiliense syn. Acremonium kiliense 4.28%, Alternaria alternata 4.03%, Paecilomyces variotii and Sarocladium strictum syn. Acremonium strictum 3.78%, while Purpureocillium lilacinum syn. Paecilomyces liliacinus constituted 3.53% ( Table 1 ). Other species were observed less frequently.
A significantly greater diversity of species (p<0.05) was found in the autumn than in the spring (Fig. 1) . Forty-five species occurred in both research seasons, 19 only in autumn and 26 only in spring. Fusarium oxysporum and Chrysosporium tropicum were isolated twice as frequently in the autumn, while H. haematococca = F. solani and Trichoderma viridae were found six and four times more often in spring, respectively (p <0.05). For the other species present in both seasons, differences in the prevalence were not statistically significant (p <0.05).
A statistically significant difference was noted in the prevalence of fungi in soil from different recreational areas (p<0.05). The largest taxonomic diversity was observed in samples from sports fields (total 55 species): on average 4.38 (±2.5) in the surface layer and 5.23 (±3.27) 10-15 cm below the surface in autumn, and 2.0 (±2.38) in the surface layer and 2.15 (±2.76) below 10-15 cm deep in the spring (Table 2) . On the playgrounds, 52 species were detected, on average between 3.87 (±3.14) and 4.5 (±2.62), depending on the season and the depth of sampling. In the samples from residential and school playgrounds, 32 species were found, on average from 6.5 (±2.12) to 9.0 (±5.66), while 20 were found in the soil from park lanes, ranging from 5 to 9 species at each site ( Table 2 ). The least variety was found in sand from beaches: 9 species, no difference being found in the number of taxa between the surface layer and 10-15 cm below the surface. Among the isolated species, as many as 22 belong to BSL 2, and 45 to BSL 1. Other species are not graded on a BSL scale (Table 1) .
Dermatophytes were isolated from 79 out of 104 (76%) of soil samples from 24 examined sites (92.3%). They were classified to eight species from five genera. The most numerous was genus Trichophyton at 4 species (Table 3) .
Fewer species were recorded from the genus Microsporum (2), and Keratinomyces and Nannizja (1 species each). The dominant species was Trichophyton ajelloi, constituting 49.4%, detected in 39 samples from 19 localities. Also very common was Microsporum gypseum (26.6%): 21 samples from 11 localities. In six cases, two species were observed: Keratinomyces ceretanicus -in five and Nannizja cajetana -in four localities. Other species were noted rarely: Trichophyton terrestre in three localities, Microsporum nanum in two, and Trichophyton tonsurans and Trichophyton schoenleinii only once each (Table 3) . Most species, except for Microsporum gypseum and Microsporum nanum, were reported more often in autumn than in spring. Apart from Microsporum gypseum, the dermatophytes were more commonly isolated from samples taken from the surface layer, while Trichophyton tonsurans and Trichophyton schoenleinii were only occasionally seen. No difference was seen in the prevalence of dermatophytes, depending on type of localities ( Table 4 ). The greatest diversity of dermatophyte species was found in the spring season in one residential and one park playground (four species each).
Dermatophytes were observed more frequently in the samples collected in spring and originating from the surface layer: the differences were not statistically significant (p <0.05; Fig. 2) . Microsporum gypseum was the most frequently isolated in autumn, from the layer below 10-15 cm depth. The most commonly detected dermatophytes belonged to common geophilic species, and only two species, T. tonsurans and T. schoenleinii, were classified as anthropophilic. As many as five of the detected dermatophyte species were classified as BSL 2: M. gypseum, M. nanum, T. terrestre, T. tonsurans, and T. schoenleinii. The others are assigned to BSL 1 (Table 3) .
Discussion
Pathogens found in soil may invade the human organism through inhalation of soil dust, through a damaged epidermis or dermis, and by ingestion with plant products contaminated with sand. Therefore, the sanitary analysis of the soil is limited to detecting the presence of indicator bacteria, particularly fecal bacilli and streptococci, and usually concerns agricultural areas [14] . Studies that evaluate the presence of fungi are usually based on determining the type and degree of mycorrhizal fungi and their impact on plant growth and cropping [15] . Studies concerning the presence of mould fungi are rare.
Studies of the fungi of urban recreational areas such as parks, playgrounds, and squares have, however, been published. Deshmukh and Verekar [16] report the prevalence of fungi to be between 63 and 100% in playgrounds and 70-100% on squares. The authors identified 11 species: C. queenslandicum predominated (25%), while less frequent were C. indicum (11%) and M. gypseum (9%). Da Silva Pontes and Oliveira [17] detected the presence of six Average Coefficient: Mean ± std error; Whiskers: Mean ± 2 * std. dev T. mentagrophytes was isolated most frequently (37.5%).
In the parks in Ahvaz (Saudi Arabia) T. schoenleinii, M. gypseum, T. verrucosum, and T. mentagrophytes, and keratinophilic fungi of the genus Chrysosporium were found [18] . Fungi occurred much more often in soils derived from the park where the zoo was located. Maruthi et al. [19] reported the presence of 12 species of fungi in the soil sampled from areas of schools with playgrounds. F. oxysporum dominated (81.25%); F. moniliforme and P. funiculosum (68.7% each) and A. flavus (56.2%) also were commonly observed. Among dermatophytes, most frequently M. audouinii was isolated (43.7%). As the authors suggest, a high prevalence of fungi with keratinolytic properties may pose a risk of infection for children, therefore the soil of the school environment should be subject to sanitary inspection with regard to potentially pathogenic species. The soil of school grounds, hospitals, and squares was investigated by Ganaie et al. [20] . Fungi were most frequently isolated from squares (65%), but less from the back yards of schools (52%), and least often from areas of hospitals (30%). Of the 23 species found, M. gypseum, A. flavus, and C. tropicum predominated, with 59%, 57%, and 55%, respectively. Rizwana et al. [21] analyzed the soil mycobiota of zoos, school playgrounds, and parks. Fungi were most frequently found in the playground soil, being isolated from 93% of the samples taken and slightly less often in the park (89%), while they were found in 81% of samples from the zoo. The greatest diversity was found at the zoo (19 species), with less being seen in the park (17 species) and on the playground (11 species). C. indicum dominated, being found in 33.7% of samples.
Głowacka et al. [22] conducted research on select sites in urban forests in Lodz used for recreation for residents. Nine species of mould fungi genera were found, Fusarium, Mucor, Penicillium, and Scedosporium, as well as two species of dermatophytes: T. schoenleinii and T. terrestre. F. aquaeductum and P. citrinum dominated, with 19% each. Wójcik et al. [10] isolated 69 species of filamentous fungi, including 4 dermatophytes, from sand from sandpits in Lodz. C. herbrarum (93.1%) and P. chrysogenum (76.5%) dominated, while the most frequent dermatophytes were T. ajelloi and M. gypseum (17.6% each). These authors also found a higher incidence of dermatophytes in school sandpits than in residential and park sandpits.
Genus Fusarium, one of the dominants in the present study, causes hialohyphomycosis of the lower limbs, genitourinary tract, nasal cavity, lungs, gastrointestinal tract, eye, and skin [7] [8] [9] 23] . F. oxysporum and F. solani are listed among the most common pathogens in this genus. Genus Penicillium, occupying a large share of soil mycobiota, can be the etiologic agent of respiratory, gastrointestinal, and skin infections [24, 25] . Paecilomyces variotii and P. liliacinus were isolated from patients with inflammation of the vagina or after caesarean section [26, 27] . The literature describes cases of CNS or pulmonary aspergillosis, mostly related to infection caused by A. flavus and A. fumigatus, but also increasingly A. terreus [28, 29] . Guarro et al. [30] presented individual cases of fatal invasion of T. harzianum in a kidney transplant recipient and in diabetic patients. Genus Acremonium, especially A. kiliense, A. strictum, and A. sclerotigenum, is isolated from biological materials of human origin (blood, BAL, sputum, nails, eyes) [31, 32] .
All dermatophytes isolated in the studies above have been reported in cases of superficial fungal infections. The frequently found soil fungus M. gypseum is isolated in cases of mycosis of the scalp, glabrous skin, and eyelids [33, 34] . T. ajelloi can be the etiological agent of superficial mycosis of glabrous skin [35] . Genus Trichophyton, especially the anthropophilic species T. rubrum and T. mentagrophytes, can cause infections mixed with yeast-like fungus, such as C. albicans and C. krusei [6] .
Mycoses caused by mould fungi generally affect people with a strongly weakened immune system [7, 9, 24, 25, 28, 29, 31, 32] . Their widespread presence in the environment favors the spreading of fungal propagules to a healthy human body. Biedunkiewicz [36] reported the presence of nine species of mould fungi, including one dermatophyte, in the nasal cavities, mouths, and throats of healthy students of veterinary medicine (27%). These fungi more often occurred in spring than in autumn and P. chrysogenum dominated (41%). The large percentage of filamentous fungi in healthy people is alarming; it may suggest decreased immunity of the examined group, or an increased affinity of these fungi for human tissue.
The presence of dermatophytes and mould fungi with keratinolytic properties in the soil of recreational places may pose a significant risk to human health, especially for children and young teenagers. The presence in playgrounds and parks of pets (dogs, cats) and wild animals (squirrels, foxes, birds) increases the amount of keratinized organic matter, which is a food source for fungi and promotes the survival of species pathogenic to the human body. The results obtained in this study and an analysis of the literature emphasize the need for monitoring the soil of places of active leisure for potentially pathogenic fungi species.
